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,QWURGXFWLRQ
(QHUJ\ SURGXFWLRQ KDV EHFRPH DQ LPSRUWDQW IDFWRU ZKLFK ZKHQ PDQDJHG FRUUHFWO\ FDQ SURYLGH VLJQLILFDQW
FRPSHWLWLYH DGYDQWDJH WR D FRPSDQ\ DQG VWUDWHJLFDOO\ DFWLYH SRVVLELOLW\ WR UHDFW WR FKDQJHV LQ GHYHORSPHQW >@
$FFRUGLQJWRWKH,QWHUQDWLRQDO2UJDQL]DWLRQIRU6WDQGDUGL]DWLRQ,62HQHUJ\PDQDJHPHQWLVDVHWRIPHDVXUHVWKDW
IDFLOLWDWHWKHGHYHORSPHQWRILQGXVWULDOREMHFWV>@,62VWDQGDUGDOORZVFRPSDQLHVWRGHWHUPLQHHQHUJ\
PDQDJHPHQWSURFHVVHVWKDWDUHQHFHVVDU\IRUWKHLPSURYHPHQWRIHQHUJ\HIILFLHQF\ZLWKWKHDLPWRUHGXFHHQHUJ\
FRVWVJUHHQKRXVHJDVHPLVVLRQVDQGRWKHU LPSDFWVRQ WKHHQYLURQPHQW7KHUHDUHDOVRRWKHUVLPLODUVWDQGDUGVEXW
,62  SUHFLVHO\ GHILQHV UHTXLUHPHQWV IRU D FRPSDQ\ WR GHYHORS PDLQWDLQ DQG FRQVWDQWO\ LPSURYH LWV
HQHUJ\PDQDJHPHQWV\VWHP0DQ\RWKHUPRGHOVKDYHEHHQGHYHORSHGLQDZD\WKDWGRHVQRWDOORZWKHFRPSDQ\WR
HYDOXDWH WKHH[LVWLQJVLWXDWLRQZKHQ LQWHJUDWHG LQ WKHSUHYLRXVSHULRGVRIRSHUDWLRQ0RVWPRGHOVRQO\HQYLVDJHD
V\VWHPWKDWZRXOGLPSOHPHQWDPDQDJHPHQWV\VWHPVWDUWLQJIURPWKHPRPHQWRILWVLQWURGXFWLRQ>@
3HOOHW SURGXFWLRQSODQWV KDYH WKH SRWHQWLDO IRU JURZWK DQG WKHUH LV GHPDQG IRU WKH SURGXFWRQ WKHPDUNHW$Q
HQHUJ\PDQDJHPHQWV\VWHPSURYLGHVPDQ\DGYDQWDJHVIRUH[DPSOHWKHUHGXFWLRQRIHQHUJ\UHVRXUFHVFRQVXPSWLRQ
HIILFLHQW XVH RI HQHUJ\ DQG FRVW UHGXFWLRQ LQ UHODWLRQ WR WKH HQHUJ\ SURGXFHG DQG XVHG 7KH LQWURGXFWLRQ RI DQ
HQHUJ\PDQDJHPHQW V\VWHP FRXOG DOVR LPSURYH WKH RYHUDOO LPDJH RI WKH FRPSDQ\ IRU FRRSHUDWLRQ SDUWQHUV DQG
UHGXFHQHJDWLYHHQYLURQPHQWDOLPSDFW:KHQGHYHORSLQJDQHQHUJ\PDQDJHPHQWV\VWHPLWVPDLQWDVNLVWRUHGXFH
HQHUJ\ ORVVHV DVZHOO DVPDQDJH HQHUJ\ FRQVXPSWLRQ E\ XVLQJ JXLGHOLQHV DQGPRQLWRULQJ DFWXDO GDWD LW ZRXOG
HQVXUHDV\VWHPDWLFDFWLRQSODQWKDWZRXOGLQFOXGHDFRPSDULVRQRIHQHUJ\FRQVXPSWLRQZKLFKLQWXUQZRXOGDOORZ
HYDOXDWLQJDQGILQGLQJVROXWLRQVIRUWKHV\VWHPCVRSWLPL]DWLRQ
+RZHYHUWKHUHDUHVWLOOPDQ\FRPSDQLHVWKDWGRQRWKDYHDQLQGHSHQGHQWHQHUJ\PDQDJHPHQWV\VWHP>@&RVWV
WKDW DUH DVVRFLDWHG ZLWK WKH LQWURGXFWLRQ RI D HQHUJ\ PDQDJHPHQW V\VWHP IRU H[DPSOH LQVWUXFWLRQ RI ZRUNHUV
SXUFKDVLQJ RIPHDVXULQJ LQVWUXPHQWV FUHDWLRQ RI DGGLWLRQDO EXGJHWDU\ VWUXFWXUH RIWHQ GHWHU FRPSDQLHV IURP WKH
LQWURGXFWLRQRIDV\VWHP>@

1RPHQFODWXUH
((,  HQHUJ\HIILFLHQF\LQGLFDWRUN:KW
3B3HOOHW DPRXQWRISURGXFHYHUVXVRQHKRXUWK
&B3B3HOOHW FRQVXPHGHOHFWULFLW\YHUVXVRQHWRQQHRISURGXFHSHUKRXUN:K
:  LQVWDOOHGFDSDFLW\RIHTXLSPHQWN:
(  PRQWKO\HOHFWULFLW\FRQVXPSWLRQN:KPRQWK
3  PRQWKO\SURGXFHGSHOOHWVWPRQWK
8VHIXORXWSXW DSSURSULDWHWRWKHSURGXFWW
(QHUJ\LQSXW XVHGHOHFWULFLW\N:
0HWKRGRORJ\
$FWXDOGDWDIURPDZRRGSHOOHWSURGXFWLRQXQLWZDVXVHGZKHQGHYHORSLQJWKHFDOFXODWLRQPRGHO8VLQJSUHYLRXV
UHVHDUFKDQGFRUUHODWLRQRISDUDPHWHUV>@DVZHOOZDVHVWDEOLVKHGSRWHQWLDOPD[LPXPDPRXQWRISURGXFHSHUKRXU
DQGLQVWDOOHGFDSDFLW\RIHTXLSPHQWLWZDVSRVVLEOHWRGHWHUPLQHWKHFRQVXPSWLRQRIHOHFWULFLW\YHUVXVRQHWRQQHRI
SURGXFH&B3B3HOOHWN:K
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%DVHGRQWKHIRUPXODRI>@VWDWHVWKDWWKHHIILFLHQF\RIDSURGXFWLRQXQLWFDQEHH[SUHVVHGDV

 ൌ ୔̴୔ୣ୪୪ୣ୲
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 

$QG LQ WKDW ZD\ C_P_Pellet LV D VSHFLILF LQGLFDWRU WKDW VKRXOG EH XVHG IRU UHSUHVHQWLQJ DOO ZRRG SHOOHW
SURGXFWLRQXQLWVDQGWKHLUHIIHFWLYHQHVV
5HVHDUFKVKRZVWKDWSRWHQWLDOHQHUJ\VDYLQJVLQLQGXVWULDOFRPSDQLHVFDQUHDFK±>@
$IWHUIDFWXDOPHDVXUHPHQWVLQWKHSURGXFWLRQXQLWDQGWKHFRQVHTXHQWGDWDDQDO\VLVZKLFKFRPSDUHGWKHH[LVWLQJ
V\VWHPWRSRWHQWLDOLPSURYHPHQWVLWZDVGHWHUPLQHGWKDWWKHHIILFLHQF\RISURGXFWLRQXQLWFDQEHLPSURYHG
5HVXOWVDQGGLVFXVVLRQ
5HJUHVVLRQ DQDO\VLV QHHGV WR EH FDUULHG RXW LQ RUGHU WR DVVHVV WKH LPSRUWDQFH RI HOHFWULFLW\ FRQVXPSWLRQ LQ
DSSOLDQFHVDQGWRGHWHUPLQHLIWKHUHLVDQLQWHUUHODWLRQEHWZHHQSDUDPHWHUVDQGWKHYROXPHRISURGXFWLRQVHH)LJ


)LJ(OHFWULFLW\FRQVXPSWLRQRIHTXLSPHQWYHUVXVSURGXFHGYROXPHRISHOOHWV
)LJXUH  VKRZV WKDW WKHUH LV FORVH FRUUHODWLRQ EHWZHHQ HOHFWULFLW\ FRQVXPSWLRQ RI HOHFWULFDO PRWRUV DQG WKH
YROXPH RI SURGXFWLRQ &RUUHODWLRQ FRHIILFLHQW VTXDUH YDOXH 5      DQG HVSHFLDOO\ WKH FRUUHODWLRQ
FRHIILFLHQWU LQGLFDWHWKHFORVHQHVVRILQWHUUHODWLRQEHWZHHQSDUDPHWHUV
$IWHUGHWHUPLQLQJFRUUHODWLRQDQGFUHDWLQJ WKHJUDSKDERXW WKHPRVWHOHFWULFLW\LQWHQVLYHDSSOLDQFHVYHUVXVRQH
WRQQH RI SURGXFWLRQ WKH VLWXDWLRQ VKRXOG EH HYDOXDWHG LQ RUGHU WR LPSURYH HQHUJ\ HIILFLHQF\ DQG RSWLPL]H WKH
SURGXFWLRQ V\VWHP 3RWHQWLDO LPSURYHPHQWV UHSODFHPHQW RI HTXLSPHQW RU LQFUHDVH RI LWV FDSDFLW\ VKRXOG EH
DVVHVVHG
%DVHGRQWKHFROOHFWHGLQIRUPDWLRQ±GDWDDERXWWKHRSHUDWLRQRISURGXFWLRQXQLWLQ±DJUDSKVHH)LJ
ZDVFUHDWHGLQWKHVXEFKDSWHUDERXWVSHFLILFHOHFWULFLW\FRQVXPSWLRQRIHTXLSPHQW


)LJ6SHFLILFHOHFWULFLW\FRQVXPSWLRQRIHTXLSPHQWYHUVXVWRQQHRISURGXFWLRQ
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$VLWFDQEHVHHQIURP)LJ WKHODUJHVWHQHUJ\FRQVXPHULQ WKHSURGXFWLRQXQLW LV WKHJUDQXODWRU±ZRRG
SHOOHWVSUHVVWKHJUDQXODWRULVGHHPHGµ3UHVV¶LQWKH)LJ2QHJUDQXODWRUZLWKWKHLQVWDOOHGFDSDFLW\RIN:
FRQVXPHV  N:K YHUVXV RQH WRQQH RI SURGXFHG SHOOHWV ,W DFFRXQWV IRU PRUH WKDQ D KDOI RI WRWDO HOHFWULFLW\
FRQVXPSWLRQ
,QDFFRUGDQFHZLWKWKHHOHFWULFLW\FRQVXPSWLRQPHWHUVLQVWDOOHGLQWKHSURGXFWLRQXQLWDQGWKHYROXPHRISURGXFH
DQGE\FKDQJLQJSDUDPHWHUVLQWKHGHYHORSHGFDOFXODWLRQPRGHOLWZDVGHWHUPLQHGZKLFKFKDUDFWHULVWLFTXDQWLWLHVRI
HTXLSPHQWFDQEHLPSURYHGOHDGLQJWREHWWHURYHUDOOSURGXFWLRQHIILFLHQF\
%DVHGRQWKHFXUUHQWRSHUDWLRQRIWKHSURGXFWLRQXQLWZLWKLWVLQVWDOOHGDSSOLDQFHVDQGWKHLUFDSDFLW\)LJDQG
WKH HIILFLHQF\ RI DSSOLDQFHV WKH DXWKRUV RI WKLV UHVHDUFK RIIHU WKH IROORZLQJ FKDQJHV IRU WKH LPSURYHPHQWV RI
HIILFLHQF\DVRQHRISRWHQWLDOVROXWLRQVVHH)LJ

ŚŝƉƐ
ƌǇĞƌϮ
ĞůƚĚƌǇĞƌ
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Ϯǆϯϭϱ

)LJ6XJJHVWLRQVIRUHQHUJ\HIILFLHQF\RIHOHFWULFLW\FRQVXPSWLRQ
$VDOUHDG\PHQWLRQHGSUHYLRXVO\WKHODUJHVWFRQVXPHUVRIHOHFWULFLW\DUHJUDQXODWRUVSUHVVHV
)ROORZLQJ PRGHOLQJ RQH RI WKH VXJJHVWHG DFWLYLWLHV WR LQFUHDVH V\VWHP HIILFLHQF\ LV WKH UHSODFHPHQW RI WKH
H[LVWLQJ DSSOLDQFHV ZLWK PRUH SRZHUIXO RQHV WKXV LQFUHDVLQJ SURGXFWLRQ YROXPH SHU KRXU UHSODFHPHQW RI WKH
H[LVWLQJHLJKWJUDQXODWRUSUHVVHVN:FDSDFLW\HDFKZLWKHLJKWSUHVVHVZLWKWKHFDSDFLW\RIN:HDFK
$IWHU WKHLQWURGXFWLRQRIVXFKLPSURYHPHQWV WKHJUDSKDERXWHOHFWULFLW\FRQVXPSWLRQRIHTXLSPHQWYHUVXVRQH
WRQQHRISURGXFWLRQZRXOGORRNOLNHWKDWZKLFKLVLQ)LJ

)LJ3URSRVHGHOHFWULFLW\FRQVXPSWLRQRIHTXLSPHQWYHUVXVWRQQHRISURGXFWLRQ
)LJXUHVKRZWKDW IROORZLQJ WKH LPSURYHPHQWV WKH ODUJHVWHOHFWULFLW\FRQVXPHU LQ WKHSURGXFWLRQXQLWZRXOGEH
JUDQXODWRU±SUHVV(OHFWULFLW\FRQVXPHGE\HTXLSPHQWDFFRXQWVIRUPRUHWKDQDKDOIRIWRWDOHOHFWULFLW\FRQVXPSWLRQ
+RZHYHUFKDQJHVFDQEHVHHQLQWKHHOHFWULFLW\FRQVXPSWLRQRIRQHJUDQXODWRUZLWKWKHLQVWDOOHGFDSDFLW\RIN:
ϲϭйϮϬй
ϵй
Ϯй
ϴй
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IRURQHWRQQHRISURGXFWLRQSHUKRXU±N:K
5HJUHVVLRQDQDO\VLVQHHGVWREHFDUULHGRXWLQRUGHUWRDVVHVVWKHLPSRUWDQFHRIVSHFLILFHOHFWULFLW\FRQVXPSWLRQLQ
DSSOLDQFHVDQGWRGHWHUPLQHLIWKHUHLVLQWHUUHODWLRQEHWZHHQJUDQXODWRUSUHVVDQGWKHYROXPHRISURGXFWLRQVHH)LJ


)LJ6SHFLILFHOHFWULFLW\FRQVXPSWLRQRIJUDQXODWRUSUHVVYHUVXVSURGXFHGYROXPHRISHOOHWV
)LJXUHVKRZVWKDWWKHUHLVFORVHFRUUHODWLRQEHWZHHQVSHFLILFHOHFWULFLW\FRQVXPSWLRQRIJUDQXODWRUSUHVVDQGWKH
YROXPH RI SURGXFWLRQ &RUUHODWLRQ FRHIILFLHQW VTXDUH YDOXH 5    DQG HVSHFLDOO\ WKH FRUUHODWLRQ
FRHIILFLHQWU LQGLFDWHWKHFORVHQHVVRILQWHUUHODWLRQEHWZHHQSDUDPHWHUV
6SHFLILFHOHFWULFLW\FRQVXPSWLRQN:KWLVDPXFKEHWWHULQGLFDWRUEHFDXVHLWFUHDWHVDFOHDUHUSLFWXUHDERXW
WKH QHHGV RI WKH GHPDQG VLGH PDQDJHPHQW SRVVLELOLWLHV DQG DOORZV WR FRPSDUH HIILFLHQF\ RI GLIIHUHQW  SHOOHW
SURGXFHUV
$VVKRZQLQ)LJWKLVVSHFLILFLQGLFDWRURIWKHH[LVWLQJV\VWHPLVN:KWRQQHEXWIRUWKHHQKDQFHGV\VWHP
LWLVVLJQLILFDQWO\ORZHU±N:KWRQQH)LJXUH,QWKDWZD\LWLVGHWHUPLQHWKHSRVLWLYHFKDQJH±LQWKHVSHFLILF
LQGLFDWRUIRUV\VWHPLPSURYHPHQWV
:LWK WKH H[LVWLQJ V\VWHP RI GLYLVLRQ RI HOHFWULFLW\ DPRQJ HTXLSPHQW LQ WKH SURGXFWLRQ XQLW LW LV SRVVLEOH WR
SURGXFHXSWRWRQQHVRIZRRGSHOOHWV7KHJUDQXODWLRQSURFHVVFRQVXPHVWKHODUJHVWSURSRUWLRQRIHQHUJ\ZLWK
HLJKW SLHFHVRI HTXLSPHQW DQG DQ LQVWDOOHG FDSDFLW\ RIN:%\ LQWURGXFLQJ LPSURYHPHQWV LQ WKH V\VWHP WKH
SURFHVV RI JUDQXODWLRQ ZRXOG FRQVXPH HYHQ PRUH HQHUJ\ EXW WKH LPSURYHPHQWV ZRXOG DOVR UHGXFH HQHUJ\
FRQVXPSWLRQLQRWKHUSURFHVVHVDQGWKDWFRXOGEDODQFHRXWRYHUDOOHQHUJ\FRQVXPSWLRQ$FFRUGLQJWRFDOFXODWLRQVLW
ZRXOG EH SRVVLEOH WR SURGXFH XS WR  WRQQHV RI SHOOHWVZLWK WKH LPSURYHG V\VWHP &DOFXODWLRQV DOVR VKRZ WKDW
HQHUJ\ FRQVXPSWLRQ RI HTXLSPHQW YHUVXV RQH WRQQH RI SURGXFH ZRXOG GHFUHDVH VLJQLILFDQWO\ DQG LPSURYH WKH
HIILFLHQF\RISURGXFWLRQXQLWE\
&RQFOXVLRQVDQGIXWXUHZRUN
$IWHUGHWHUPLQLQJFRUUHODWLRQDQGFUHDWLQJ WKHJUDSKDERXW WKHPRVWHOHFWULFLW\LQWHQVLYHDSSOLDQFHVYHUVXVRQH
WRQQH RI SURGXFWLRQ WKH VLWXDWLRQ VKRXOG EH HYDOXDWHG LQ RUGHU WR LPSURYH HQHUJ\ HIILFLHQF\ DQG RSWLPL]H WKH
SURGXFWLRQ V\VWHP 3RWHQWLDO LPSURYHPHQWV UHSODFHPHQW RI HTXLSPHQW RU LQFUHDVH RI LWV FDSDFLW\ VKRXOG EH
DVVHVVHG
7DNLQJ LQWR DFFRXQW WKH LQGLFDWRU RI FRQVXPHG HOHFWULFLW\ YHUVXV RQH WRQQH RI SURGXFHG SHOOHWV N:KW DQG
DFFRUGLQJWRWKHRSHUDWLRQRSWLPL]DWLRQVXJJHVWLRQIRUWKHHTXLSPHQWRIZRRGSHOOHWVSURGXFWLRQXQLWWKHDPRXQWRI
FRQVXPHGHOHFWULFLW\YHUVXVRQHWRQQHRISURGXFHGSHOOHWVFRXOGEHUHGXFHGE\DQGWKHYROXPHRISURGXFWLRQ
FRXOGLQFUHDVHE\
'HYHORSPHQW RI DQ HQHUJ\ PDQDJHPHQW PRGHO DQG LQWHJUDWLRQ RI SDUDPHWHUV RI D SDUWLFXODU SURGXFWLRQ XQLW
WKHUHLQDOORZVWKHHYDOXDWLRQRIH[LVWLQJHIILFLHQF\LQGLIIHUHQWVWDJHVRISURGXFWLRQRSHUDWLRQ
5ð 
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6LQFHWKHPDLQJDLQRIWKHSURGXFHULVILQDQFLDOLWLVXVHIXOWRORRNIRUV\VWHPRSWLPL]DWLRQVROXWLRQVWKDWZRXOG
OHDG WR EHWWHU HIILFLHQF\ DQG LQFUHDVH WKH SURGXFWLRQ YROXPHZLWKRXW D GLVSURSRUWLRQDWH LQFUHDVH LQ UHVRXUFH DQG
HQHUJ\FRQVXPSWLRQ
)XUWKHUUHVHDUFKPLJKW LQFOXGHPRUHSURGXFWLRQHIILFLHQF\SDUDPHWHUV LQ WKHPRGHO$OVR WKHHFRQRPLFSDUW LV
YHU\ LPSRUWDQW LW HYDOXDWHV WKH FRVWHIIHFWLYHQHVV RI WKH V\VWHPCV LPSURYHPHQW 7KH GHYHORSHGPRGHO FRXOG EH
DGDSWHG WR DQG WHVWHG LQ DVPDQ\ VLPLODU SURGXFWLRQXQLWV DV SRVVLEOH LQ RUGHU WR HQVXUH WKHLU FRPSHWLWLYHQHVV LQ
UHJDUGWRWD[FRQFHVVLRQVLQFOXGLQJHPLVVLRQVUHGXFWLRQSULFH
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